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ABSTRACT
Mills, Alison Katherine. Word recognition testing in children: Modernization of Word
Intelligibility by Picture Identification testing materials. Unpublished Doctor of
Audiology Scholarly Project, University of Northern Colorado, 2022.

Hearing loss impacts many individuals, both children and adults, around the globe; thus,
hearing evaluations have become a routine and annual examination for individuals of all ages.
Due to differences between children and adults, components of the routine hearing evaluation
have been adapted to fit the needs of both populations. When testing children, age-appropriate
materials are utilized and variables such as an individual's level of focus, cooperation, and
willingness to participate are considered. One component of all routine hearing evaluations is
speech testing, which provides clinicians with information regarding an individual’s speech
recognition abilities. A speech recognition test commonly used with children is the Word
Intelligibility by Picture Identification (WIPI). The WIPI is a picture-pointing test that is
interactive and appropriate for assessing the word recognition abilities of young children. When
using the WIPI, children are asked to look at a booklet containing six colored pictures on each
page and given instructions to point to the picture that corresponds with the word the clinician
says. This test was originally created in 1970 and then modernized in 2009. Despite the
modifications, aspects of society have changed in the time between the creation of the WIPI and
the modification of the original test, leading to some pictorial confusion and creating the need for
further updates. The purpose of this research project was to determine if there was a significant
difference between children’s accuracy in identifying the target words of the WIPI test when
shown the original WIPI pictures or the cartoon images of the same test. A total of 20
iii

participants between the ages of five and six years participated in this study. A student’s paired ttest was used to analyze the collected data. The results of this study indicated there was a
significant difference between the participants’ accuracy in identifying the target words when
shown the cartoon images versus the WIPI pictures. These results suggested the need to modify
the current version of the WIPI test to increase the usability of this speech test with children who
are accustomed to viewing realistic online images.
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CHAPTER I
STATEMENT OF THE PROBLEM
Since at least the 1800s, hearing evaluations have been conducted on many individuals.
While the technology and components of the hearing evaluation have likely shifted, the basic
purpose remains constant. According to recent statistics from the World Health Organization
(2019), approximately 466 million individuals around the world have hearing loss. Of those
individuals, approximately 34 million are children. From the time a child is born and until their
geriatric years, a hearing evaluation might become routine and included in annual examinations
in school and healthcare settings (World Health Organization, 2019).
The components of a basic hearing evaluation differ among professionals and practices.
However, in general, these evaluations consist of otoscopy, tympanometry, air and bone
conduction testing, and speech testing. A device known as an otoscope is used to perform
otoscopy, which is a visual examination of the ear canal and eardrum. Tympanometry is a test
that measures the function of the middle ear. More specifically, this test measures the pressure
within the middle ear and assesses the mobility of the eardrum. Another component of a basic
hearing evaluation is air and bone conduction testing, which is used to identify the hearing
abilities of an individual. A hearing evaluation is also used to determine the type and degree of
an individual’s hearing loss. Air and bone conduction testing aids in determining aspects of an
individual’s hearing sensitivity by providing information regarding the function of the inner ear.
Audiometric speech testing, consisting of finding an individual’s speech recognition threshold
and word recognition score, is another component of a hearing evaluation. This speech testing
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provides clinicians with information regarding an individual’s speech intelligibility and
discrimination abilities (Martin & Clark, 2012). Together, all of these components create a test
battery that is useful, when there is hearing loss, in formulating decisions regarding the benefits
of binaural or monaural amplification and deciding whether further testing is needed for
assessing the reliability of results (Hornsby & Mueller, 2013).
Because vast differences exist between children and adults, components of the routine
hearing evaluation have been adapted to fit the developmental needs of both populations. When
testing children, accommodations have been made to account for variables that could impact
testing. Variables could include an individual’s level of focus on the task, cooperation, and
willingness to participate (Harlor & Bower, 2009). Variables could also include intrinsic factors
such as the child’s motivation for the appointment, hunger level, or mood. Therefore, breaks,
tangible rewards, and extra encouragement might be warranted. The bottom line when testing
children is the clinician must remain flexible, patient, and interactive throughout the testing
(Bradham et al., 2011).
Specifically, when conducting audiometric speech testing, different materials are
necessary to account for the developmental differences between children and adults. When
testing children, it is important to use age-appropriate vocabulary and sounds that are heard often
in the English language. It is also important to provide them with tasks that are interactive and
appropriate for assessing their behavioral and chronological age. Age-appropriate assessments
when assessing a child’s word recognition abilities could include using picture-pointing tests.
One example of a picture-pointing test is the Northwestern University Children’s Perception of
Speech (NU-CHIPS), which is used with children between the ages of three and six years. This
test consists of four black and white photographs and the child is instructed to point to the picture
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that corresponds with the word the clinician said. Another commonly used picture-pointing test
is the Word Intelligibility by Picture Identification (WIPI) test, which is used with children
between the ages of four and six years. More specifically, this test is suitable for children
between the ages of five and six years with a moderate hearing loss and for children between the
ages of seven and eight years with a severe hearing loss (Cienkowski et al., 2009). This test
consists of six colored pictures the child is instructed to point to (Schoepflin, 2012). The original
version of this test was created in 1970 with a modified version created in 2009 (Cienkowski et
al., 2009). Since both the NU-CHIPS and WIPI tests are often used with pediatric patients,
Dengerink and Bean (1988) created a study that compared how children responded to the
different pictures presented during the NU-CHIPS and the WIPI tests. The participants involved
were provided with copies of images found in the WIPI and NU-CHIPS tests and asked to
verbally label all of them. Of the items common to both tests, the common items on the WIPI test
were correctly labeled more often than the common items on the NU-CHIPS; the opposite was
true for items that were unique to each test. Ultimately, there was no significant difference
between the two tests (Dengerink & Bean, 1988).
Many professionals within the field of audiology claimed the WIPI test was the first one
they selected when testing pediatric patients as it was easy to use and quick to administer. Yet,
audiologists reported three main concerns with this test: the pictures, the vocabulary, and the
design of the test. The biggest concern was the pictures appeared outdated and unfamiliar to
children (Stewart, 2003). While updates have been made to the original version of the WIPI,
there was still a need to modernize the test items to avoid confusion for the children being tested
while still maintaining the validity of this test. Between the time of the creation of the WIPI and
the modification of the original test, aspects of society changed drastically. For instance,
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technology has become a component of many individuals’ home and school routines, allowing
for exposure to varying stimuli including two-dimensional and three-dimensional images
(Leighty et al., 2008). With exposure to technologically advanced images came the need to
create materials that were adapted to and consistent with what children visually experienced in
their daily lives.
Purpose
The purpose of this research project was to determine if there was a significant difference
between children’s accuracy in identifying the target words of the WIPI test when shown the
original WIPI pictures or the cartoon images of the same test.
Research Question and Hypothesis
Data collected in this study were used to answer the following research question and
hypothesis:
Q1

Will children more accurately identify target words when shown the hand-drawn
pictures included in the second version of the WIPI or when shown cartoon
images of the same words?

H1

The children will more accurately identify the target words when responding to
the cartoon images.
Summary

Hearing evaluations can be a routine evaluation for children and adults of all ages and
have been adapted to fit the developmental needs of both populations. Regardless of the age of
the individual, the components of these routine evaluations consist of otoscopy, tympanometry,
air and bone conduction testing, and speech testing (Martin & Clark, 2012). When conducting
audiometric speech testing with children, interactive materials consisting of age-appropriate
vocabulary are used. Picture-pointing tests are an age-appropriate material commonly used when
testing a child’s word recognition abilities. The Northwestern University Children’s Perception
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of Speech (NU-CHIPS) is one example of a picture-pointing test that consists of four black and
white photographs and is used with children between the ages of three and six years. The Word
Intelligibility by Picture Identification (WIPI) is another commonly used picture-pointing test
that consists of six colored pictures and is used with children between the ages of four and six
years (Schoepflin, 2012). The WIPI is most appropriate for children between the ages of five and
six years with a moderate hearing loss and for children between the ages of seven and eight years
with a severe hearing loss (Cienkowski et al., 2009). Both of these picture-pointing tests are used
with pediatric patients and a study by Dengerink and Bean (1988) found no significant difference
between the two tests. Within the field of audiology, professionals claimed the WIPI test was the
first one they selected when testing pediatric patients. While this picture-pointing test is easy to
use and quick to administer, professionals worried the pictures appeared outdated and unfamiliar
to children (Stewart, 2003). The WIPI was originally created in 1970 and then modified in 2009
(Cienkowski et al., 2009). Due to societal changes between the creation and modification of the
WIPI, there was still a need to modernize test items to avoid confusion while still maintaining
the validity of this test.
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CHAPTER II
REVIEW OF THE LITERATURE
Overview of Word Recognition Testing
Word recognition testing is a form of speech testing that is conducted by audiologists
regularly. Originating in the 1920s and 1930s, this test is an essential component of the routine
hearing evaluation for both children and adults (Schoepflin, 2012). Due to the developmental
differences between children and adults, different testing materials and procedures exist for
different age groups. Despite the differences, all materials are composed of phonetically
balanced words, i.e., the composition of the words reflects the sounds and pitches normally heard
in the English language. When performing word recognition testing, clinicians could either say
the words using a technique known as monitored live voice (MLV) or play recorded versions of
the test through an audiometer (Schoepflin, 2012).
For children behaviorally or chronologically under the age of six years, picture-pointing
tests are used. More specifically, children under the age of three years are typically asked to
point to their nose, ears, shoulder, or other body parts. Once a child is between the age of three
and six years, the NU-CHIPS test is often used consisting of four black and white photographs;
the child is instructed to point to the picture that corresponds with the word the clinician says.
For children between the ages of four and six years, the WIPI test could also be used. Unlike the
NU-CHIPS test, this test includes six colored pictures to which the child would point. These
picture-pointing tests are known as closed-set tests as they are similar to a multiple-choice test
where the patient chooses options. Picture-pointing tests are not age appropriate for all children;
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thus, different materials exist for older individuals. Once a child is behaviorally or
chronologically six years of age or older, the task changes. Instead of a closed-set test, the test is
now a free-response or open-set test. The general procedure is individuals over the age of six
years are asked to verbally repeat back words to the clinician (Schoepflin, 2012). Throughout
this literature review, further detail is provided regarding the purpose of this test as well as the
materials used and general procedure.
Purpose of Word Recognition Testing
Multiple reasons exist for the inclusion of word recognition testing in the routine test
battery including valuable information this test provides to assist the audiologist in decisions,
when there is hearing loss, regarding the benefit of binaural or monaural amplification. Word
recognition test results guide the audiologist to know whether further testing is warranted. The
results of this test are also used as a cross check with other components of the hearing evaluation
to determine reliability of the results. Lastly, word recognition testing provides a way to track the
patient’s performance over time and to compare performance between the two ears to determine
if hearing had remained constant or worsened between evaluations (Hornsby & Mueller, 2013).
General Procedure for Adults
Audiometric testing including word recognition testing is typically conducted in a quiet
sound-treated room with the patient wearing either insert or supra-aural headphones or listening
using a sound field system. Insert earphones are inserted deeply into the ear canal, while supraaural headphones sit over the pinna, to test unilaterally. In other instances, testing is conducted
using a sound field system, meaning the patient does not wear any type of headphones; instead,
acoustic signals are presented through speakers in a sound-treated room. In most settings, the
clinician presents a list of words; each word is preceded by a carrier phase such as “say the

8
word.” If young patients, typically under the age of six, are tested, they might be asked to point
to a picture when they hear the word instead of repeating the word back to the audiologist. When
the clinician says the words, MLV is being used. For those who choose to forgo MLV, recorded
versions of the test could be played through the audiometer. The patient would hear between 10
and 50 words presented at a consistent volume above the hearing threshold; the patient would be
instructed to repeat the words back to the best of his or her ability (Hornsby & Mueller, 2013).
To determine how many words should be presented to a patient, Hurley and Sells (2003)
tried to develop a way for audiologists to distinguish between patients who needed a full 50-item
word list for word recognition testing and those who could have reliable testing using only a 25or 10-item word list. A total of 475 participants were involved in this study and the results
indicated that when performing a word recognition test, audiologists should begin with a list of
the 10 most difficult words. If the patient missed zero or one word on that list, testing was
complete. When testing adults, if a patient missed more than one word, then the next 15 words
on the list were presented. If the patient only missed three words out of the 25 presented, testing
was complete. However, if the patient missed more than three, a full 50-word list was presented
(Hurley & Sells, 2003).
After research was conducted regarding how many words to present, additional research
was needed regarding the presentation level of these words. Guthrie and Mackersie (2009)
attempted to determine at what decibel (dB) level word recognition tests should be presented.
Initially, researchers knew the presentation level needed to be loud enough for the patient to hear
comfortably, yet not too loud to cause discomfort. Forty participants were involved in this study
and the results indicated a few appropriate presentation levels could be used depending on the
patient’s hearing threshold. For individuals with mild to moderate hearing loss, there were two
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ideal presentation levels. The first method for determining presentation level required the
audiologist to obtain the patient’s uncomfortable level (UCL) and set the presentation level 5 dB
below that UCL level. Patients with moderate to moderately severe hearing loss could benefit
from the UCL method. Another method would be to look at a patient’s hearing ability in high
frequencies, specifically at 2000 Hz. Depending on the individual’s hearing threshold at 2000
Hz, the clinician could adjust the presentation level to accommodate the patient’s degree of
hearing loss. The overall goal of these methods was to obtain PB-Max, which is described as
maximum performance on phonetically balanced (PB) word recognition tests, without causing
any loudness discomfort. For example, if the patient had a hearing loss less than 50 dB at 2000
Hz, the word recognition test would be presented at a level 25 dB greater than their hearing
threshold at 2000 Hz. However, if the patient had a hearing loss between 70 and 75 dB, the word
recognition test would be presented at a level 10 dB greater than their hearing threshold due to
recruitment. Recruitment is an abnormal growth in loudness some individuals with hearing loss
experience. Another option used for any patient regardless of their hearing thresholds was to
present this test at 80 dB. The overall goal of all of these methods of determining presentation
level was to obtain PB-Max without causing any loudness discomfort (Guthrie & Mackersie,
2009).
Design of Word Lists Used
During Testing
Word lists used during speech testing are designed to be either phonemically or
phonetically balanced. This means their phonetic composition represents the normal proportion
of sounds heard in everyday English language, and the frequency content of the words are
similar to that in conversational speech. Martin et al. (2000) sought to determine what impact, if
any, phonetic balance had on word recognition scores (WRS). Of the 35 participants involved,
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all were tested with eight different word lists consisting of 50 words each. Four of the word lists
were taken from a well-known word recognition test, Northwestern University No. 6 (NU-6) test,
and the remaining four lists were comprised of randomly selected words from a dictionary. The
WRS, when using the randomly selected word lists only, had a median difference of two
percentage points higher than the results when using the NU-6-word lists. Ultimately, the authors
concluded that even when a full word list (consisting of 50 words) was used, the scores between
the word lists and the randomly selected word lists were not significantly different (Martin et al.,
2000).
Presentation of Word Recognition
Tests
When testing patients in a clinical setting, there is an interest in developing procedures
that allow tests to be performed quickly while also ensuring the testing is thorough and accurate.
Thus, Mendel and Owen (2011) examined the time differences between administering a 50-word
recognition test using MLV or compact disc (CD) recordings played through the audiometer. The
39 participants included in this study were separated into two groups and each was presented
with a full list using MLV and a CD recording. The procedures were the same as a standard word
recognition test with participants listening under supra-aural headphones. The authors concluded
that using MLV took one minute less than using a recorded word list (Mendel & Owen, 2011).
Along with the research mentioned previously, another study by Uhler et al. (2016)
highlighted potential differences in speech recognition performance for pediatric patients. There
were 29 pediatric participants involved in this study and all the participants wore cochlear
implants (CI). Cochlear implants are devices that allow individuals with severe hearing loss to
perceive sounds through the stimulation of the auditory nerve by surgically placing electrodes in
the inner ear. All participants were presented with word recognition tests and responded to both
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recorded and MLV words. The results of the study revealed a significant difference between the
participants’ speech scores when using recorded versus MLV words. The mean scores obtained
using recorded word lists were 13% lower than the scores obtained using MLV, suggesting that
using MLV with pediatric patients could lead to an inflation of the child’s true performance, thus
risking poor or at-risk performances going unidentified (Uhler et al., 2016).
Conducting Word Recognition Testing with Children
Word Lists Used with Children
As mentioned previously, a variety of presentation levels and word list lengths could be
used when testing patients of all ages. Specifically, when testing children, the selection of word
lists depends on the behavioral and chronological age of the child. It is important to consider age
as well as receptive vocabulary level when choosing a word list to ensure the patient can perform
to the best of their ability.
One of the tests commonly used with children under the age of six is the WIPI test, which
is a six-alternative forced choice task, typically presented to children between four and six years
of age. During the WIPI, the child is asked to point to the color drawing or figure corresponding
to the word the clinician presents (Thibodeau, 2007). The WIPI was originally created following
a research study by Ross and Lerman (1970). The goal of the study was to develop a picturepointing speech discrimination test that would be useful in a clinical setting. Specifically, the
researchers wanted to develop a test that could be used with children with hearing loss. The 61
participants involved in this study, ranging in age from 4 to 13 years, were presented with four
separate word lists given in a randomized order. The words used to make up the word lists were
monosyllabic words that could be easily represented using pictures. The tester used MLV to
present the words while the participant pointed to the picture corresponding to each word. The
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authors noted that all four of the WIPI word lists were highly reliable and equivalent to each
other. After further examination, the researchers revealed this test was most suitable for children
with moderate hearing loss between five and six years and children with severe hearing loss
between seven and eight years (Ross & Lerman, 1970).
Since the world has changed greatly since the 1970s and the original creation of the WIPI
test, the pictures used in this test were in need of some revision. Some of the original pictures
included were reportedly outdated and even unrecognizable by children in modern day. Thus,
Cienkowski et al. (2009) modified the original version of the WIPI test with the goal of
modernizing the test items to eliminate any pictorial confusion. Twenty children with normal
hearing participated in the preliminary evaluation of the new test items. The participants ranged
in age from two and a half years to eight years and were presented with the four lists from the
original version of the WIPI given in a randomized order. Before beginning, all participants were
presented with a practice item to ensure each child understood the task. The tester used MLV to
present the words while the participant pointed to the picture corresponding with each word. The
younger participants were asked to put together pieces in a puzzle that corresponded with the
word the experimenter said. The results of this part of the study showed the percentage of items
correct was 89% for each list. However, the results indicated the lists were not equivalent as
most of the incorrect responses came from List 1. Additionally, some pictures caused confusion
for many participants with some of the errors attributed to poor pictorial representations.
Necessary modifications were made to the word lists including redrawing items and replacing
foil stimuli that were often misidentified by the participants. In addition, to ensure list
equivalency, test items were moved around.
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The final evaluation of this study included two groups of children with normal hearing
that did not participant in the preliminary evaluation (Cienkowski et al., 2009). Fifteen
participants were in Group 1 and ranged in age from three to six years. Group 2 consisted of 19
children ranging in age from two to four years. As in the preliminary evaluation, all participants
were presented with a practice item to ensure each child understood the task. Group 1 was
presented with the four revised test lists at a conversational level outside of a sound booth. The
procedures for Group 1 were like those in the preliminary evaluation—the tester used MLV to
present the words while the participant pointed to the picture corresponding with each word. The
order of lists presented was also randomly assigned for both groups. Younger participants were
asked to put together pieces in a puzzle that corresponded with the word the experimenter said.
The participants in Group 2 were presented with the four revised test lists while wearing supraaural headphones and sitting in a sound treated booth. The presentation level for this group was
40 dB above their averaged hearing thresholds at 500, 1000, and 2000 Hz. The final evaluation
in this study resulted in Group 1 correctly identifying 98% of the items on each list when
presented using MLV. Group 2, with words presented under headphones, correctly identified
88% of the items on each list. Ultimately, the results of this study highlighted the importance of
using testing materials within the receptive vocabulary of the population being tested
(Cienkowski et al., 2009). These results indicated the revised version of the WIPI test was
suitable for testing preschool-aged children (Cienkowski et al., 2009).
Another commonly used test is the NU-CHIPS test, which is targeted at children between
three and six years of age. When completing this test, the child is presented with four black and
white photographs and asked to point to the picture that corresponds with the word the clinician
says. Although the WIPI and NU-CHIPS are similar word recognition measures, the WIPI is
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used for children between four and six years of age and the child is instructed to choose from six
color photographs instead of four (Thibodeau, 2007).
As these two tests are often used, Dengerink and Bean (1988) designed a study that
compared how children responded to the images presented during the NU-CHIPS and the WIPI
tests. Twenty female and 20 male children ranging in age from five to seven years were included
in this study. Participants were given copies of all the images found on the WIPI and NU-CHIPS
tests and asked to verbally label them all. When analyzing the results, the researchers examined
the agreement among the participants’ answers in three categories: total responses (Total),
pictures common to both tests (Common), and pictures unique to each test (Noncommon). The
statistical results showed no significant difference between the two tests. However, the common
items on the WIPI test were correctly labeled more often than the common items on the NUCHIPS. The opposite was true for the noncommon items (Dengerink & Bean, 1988).
While picture-pointing tests are used with younger children, at a certain age, these types
of tests are no longer necessary or helpful in assessing a patient’s performance. Once children are
behaviorally or chronologically six years of age and older, they are asked to verbally repeat back
the words to the clinician. Examples of these tests include the Phonetically Balanced
Kindergarten (PBK), Central Institute for the Deaf W-22 (CID W-22), and the NU-6 tests. The
PBK test is recommended for children ages five to nine years while the CID W-22 and NU-6
tests are more suitable for children ages 12 years and older (Thibodeau, 2007).
Familiarity and Use of Word Lists
with Children
Although the WIPI test was originally created in 1970, it remains a popular word
recognition test among audiologists. More than 50 years later, audiologists still use this test to
evaluate word recognition abilities of children. The words used in the original version of this test
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were monosyllabic words easily represented by pictures (Ross & Lerman, 1970). However, as
mentioned previously, the pictures included in the original version of this test appear outdated
and failed to represent the world today. With this in mind, Stewart (2003) created a two-part
study to assess the familiarity and use of the WIPI test by practicing audiologists. In part one of
this study, the WIPI was presented to 16 children with normal hearing to assess whether they
experienced difficulty recognizing the pictures or vocabulary. The participants ranged in age
from five to eight years who were presented with the four lists from the original version of the
WIPI along with two lists of foil words. The test lists were given in a randomized order while the
tester presented the words using MLV and sitting face-to-face with the child. The participants
were asked to point to the picture that corresponded with each word the tester said. The results of
part one of this study indicated most of the WIPI words were correctly identified by all the
participants involved. The six- to eight-year-old children experienced the least difficulty
identifying the test pictures and vocabulary. Meanwhile, the five-year-old children demonstrated
the most errors and difficulty identifying the pictures and vocabulary. For all participants, List 2
seemed to be the least difficult with the fewest number of errors. List 3 resulted in the highest
number of errors while Lists 1 and 4 were similar in difficulty level. Even with participants
experiencing some difficulty, 107 of the total 150 stimulus words presented were not missed by
any of the participants. Specifically, only 8 of the 150 tests items were missed by all participants;
142 of the total 150 test items did not appear too difficult for the typical children within the fiveto eight-year age range (Stewart, 2003).
In part two of this study, an online survey was sent to 800 practicing audiologists to
determine the use of the WIPI test. This survey consisted of 10 questions that inquired about
duration of employment and work setting to amount of time spent working with pediatric
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patients and which closed-set word recognition test was used most often. Ultimately, 72
completed survey responses were evaluated, and it was found that the majority of sampled
audiologists chose to use the WIPI test most of the time. Of those who responded, 58% reported
they spent most of their time working with pediatric patients in educational, hospital, and private
practice settings. The sampled audiologists who did not use the WIPI as often reported three
main concerns with this test: the pictures, the vocabulary, and the design of the test. More
specifically, concern was expressed regarding the outdated appearance of the pictures and their
unfamiliarity to children. However, these audiologists also highlighted the features they did like
about this test. According to them, the WIPI was a reliable test that was easy to use and quick to
administer. Yet even the audiologists who often used this test varied their presentations from the
original protocol created by Ross and Lerman (1970). Changes to the original protocol included
omitting words such as gun or pipe, or substituting words from other lists to meet the patients’
perceived vocabulary levels (Stewart, 2003). Further revisions to this test, in addition to those by
Cienkowski et al. (2009), might help to ensure this test remains a useful component of the
pediatric test battery.
Closed-Set Versus Open-Set Tests
When selecting a word list to use for testing, there are two types of response formats:
closed-set and open-set. Closed-set tests, related to multiple-choice tests, allow patients to
choose from objects, photographs, or printed stimuli. Examples of closed-set tests include both
the NU-CHIPS and WIPI tests. Open-set tests are free-response tests as patients need to respond
orally, write down the answer on paper, or type onto a keyboard. Examples of open-set tests
include the PBK, CID W-22, and NU-6 tests (Stach, 2007).
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There are advantages to using either open- or closed-set tests; however, closed-set tests
are often used with children. Despite limited vocabulary, closed-set tests allow clinicians to
assess a patient’s speech recognition skills. A study by Jones and Studebaker (1974) involved 23
hearing impaired children and assessed their performance on both open- and closed-set tests. The
findings of this study showed that when tested with both closed- and open-set tests, participants
performed better on closed-set tests. Clinically, the researchers found it is more productive to use
a closed-set test with patients with severe hearing loss (Jones & Studebaker, 1974).
While children are tested with closed-set tests, older patients are normally given open-set
tests and asked to respond orally. However, an advantage of using a closed-set test is these
measures could be useful when evaluating children as well as adults with limited language
abilities. Another advantage of these methods is the results could provide clinicians with
information about a patient’s level of language, memory, attention, and cognition—all of this
information could be helpful when examining and diagnosing a patient (Stach, 2007).
Testing Strategies Used with
Pediatric Patients
As stated earlier, when testing patients of any age, audiologists are always attempting to
work quickly and thoroughly. When testing pediatric patients, this is increasingly important. As
young children are growing and learning, they continue to develop the ability to focus, to sit still,
and to listen to directions. Therefore, depending on the age of the child, clinicians should be
equipped with toys and games that would entertain and engage the child. All children are
different; therefore, it is important for clinicians to be flexible and prepared with a variety of
ways to keep children focused during testing (Bradham et al., 2011).
For some children, even just looking into their ears could induce anxiety and result in the
inability to complete any or all necessary tests. Objects such as small toys, bubbles, books, and
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flashlights could be helpful in keeping children focused and interested in the testing. Depending
on the child’s intrinsic characteristics at the time of the appointment, such as their mood,
motivation for the appointment, or hunger level, extra encouragement, breaks, or even rewards
might be necessary. While some children might need to take breaks during testing, others might
require tangible rewards such as snacks. The child might also need to have a parent or guardian
sit with them during testing. On the contrary, children might be interested in learning more about
what exactly the testing entails. They might want to touch the equipment or even practice with it
before beginning. Regardless of the needs of the children, it is important for clinicians to remain
patient and interactive throughout testing (Bradham et al., 2011).
Children and Technology Use
According to a 2017 report by Common Sense Media, 98% of children under the age of
eight live in a house that has a mobile device (smartphone or tablet) and a television. In addition,
children under the age of eight generally spend about two and one-quarter hours using various
forms of technology each day (Common Sense Media, 2017). With these statistics in mind, it is
clear many children are familiar with using various forms of technology.
Commonly, parents are warned of the negative impacts of technology overuse. Yet, the
positive impacts of technology are rarely mentioned. While watching television for multiple
hours on end might not result in many positive impacts, utilizing well-designed and evidencebased technology systems might. For children ages three to six years, common exposure to
technology could involve using mobile devices, learning systems, electronic toys, and interactive
games. Many of these technology sources could be equipped with well-designed and evidencebased systems consisting of specific learning goals and effective learning strategies that have
been developed with children’s needs and abilities in mind. These systems could impact a child’s

19
language, reading, and mathematic, creative, and cognitive skills. Technology systems with a
focus on learning the alphabet, phonics, word building, word recognition, and even learning an
additional language could impact an individual’s language and reading skills. Systems aimed to
assist in learning about problem solving, spatial reasoning, and geometric knowledge could grow
a child’s mathematic skills. Other systems focusing on music, painting, writing, storytelling,
drawing, and poetry could help expand a child’s creativity. With a focus on reflective thinking,
abstract thinking, and analyzing and evaluating information, cognitive skills could grow as well
(Lieberman et al., 2009).
Due to the presence of technology in households today, many children already possess a
certain level of comfort when using and operating different devices. The bonus is when
technology is well-designed and backed by evidence, children could learn while using it. With
this in mind, many professionals insist on the need to extend the use of technology into
classrooms, therapy, and even the healthcare world (Lieberman et al., 2009).
Tablet-Based Audiometric Testing
As technology continues to improve, it could be used in many different settings including
at home, in schools, and even in audiologic evaluations. Yeung et al. (2013) examined whether it
was feasible to use a tablet to complete an audiometric evaluation. The basis for this study came
from the idea that gaining and keeping a child’s cooperation could be challenging during some
appointments. Thus, the researchers were interested in seeing if using a tablet, a device that many
children are comfortable with, would help to keep the children focused and cooperative. This
study included 85 children above the age of three years. The pure tone thresholds of the children
were obtained with and without the tablet and the results were compared. When using the tablet,
children were given headphones to wear and instructed to play a game that tested their responses
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to different frequencies and levels. The frequencies tested were 500 Hz, 1000 Hz, 2000 Hz, and
4000 Hz; these frequencies were chosen because many vowels and consonant sounds fall within
those frequency ranges. While playing the game on the tablet, the participants were asked to
click one of two responses to indicate whether the object—an egg—was producing a sound or
was silent. The results of this study indicated no significant difference in results between the
testing conducted with or without the tablet. Thus, the tablet was found to be a valid and
sensitive instrument for detecting hearing losses (Yeung et al., 2013).
Along with the previous study, Rourke et al. (2016) sought to determine if the use of
portable hearing tests could assist in determining the prevalence of hearing loss in children
between the ages of 4 and 11 years and if the tablet audiometer could be used outside of the
typical clinic environment. The 218 participants in this study were tested in elementary schools.
Similar to the study by Yeung et al. (2013), the pure tone thresholds of the participants were
tested at 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz using the tablet. According to the results of
this study, using the tablet audiometer was time-efficient and convenient as children could be
tested at various times and places. Clinically, using tablets could assist in testing children
quickly, efficiently, and even in remote or atypical locations (Rourke et al., 2016).
Types of Testing Stimuli Used for Picture-Pointing Tests
Two-Dimensional Versus ThreeDimensional Stimuli
Currently, word recognition tests for children, such as the WIPI, are conducted using
printed two-dimensional images. However, with the recent trend in technology use in a variety of
settings, children are now exposed to both two-dimensional and three-dimensional visual stimuli.
Leighty et al. (2008) investigated how young children and chimpanzees were able to understand
two-dimensional stimuli. The children involved were between the ages of three and four years
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and the chimpanzees were between the ages of 16 and 33 years. The initial experiment involved
four adult chimpanzees that engaged in eight different phases. In the first phase, the chimpanzees
needed to locate a marshmallow that had been hidden beneath one of six colorful sand mold toys.
In the following phase, the chimpanzees completed the same task except this time the sand molds
were all painted blue. For the following six phases, the marshmallow was hidden in identical
containers. The containers were in groups of two, three, four, and even six in the final phase.
Before the start of each phase, a screen was used and the chimpanzees could see the
experimenter hiding the marshmallow. Afterwards, they were released to try to locate the
marshmallow themselves. In the second experiment, children were the participants; they were
grouped by age with 12 children in each of the three-year-old and four-year-old groups. The
procedures and phases were similar to those in experiment one; however, when the child
completed a phase, they were given a sticker from a sticker book. The results of this study
showed the three-year-old participants used local features and clues from their environment to
understand two-dimensional stimuli. Meanwhile, both the four-year-old humans and the
chimpanzees used information about the structure and form of the object. Some of the
participants, both human and nonhuman, appeared to confuse the two-dimensional image on the
screen with the actual three-dimensional object in front of them. This was likely because
individuals might not realize the relationship between two- and three-dimensional stimuli and
might perceive one form better than the other. Clinically, it is important to consider that all
patients were different and might think and respond to different forms of stimuli. Yet, providing
both two- and three-dimensional stimuli options could serve best to appeal to all individuals
(Leighty et al., 2008).
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Black and White Versus Color Stimuli
Colors of all shades can be found in every aspect of our lives—in schools, in restaurants,
in homes, and even in audiologic evaluations. When using the WIPI to test children in a clinical
setting, the pictures given to the children are presented in color. Meanwhile, when using other
tests, such as the NU-CHIPS test, the pictures are in black and white. While it is still entirely
unclear whether children respond better to stimuli presented in color or in black and white, it has
been known for some time that color can influence an individual physiologically (Engelbrecht,
2003). Some colors, such as red, can cause an increase in heart rate and an increase in blood
pressure. Other colors, such as blue, can lower body temperature and cause a reduced pulse rate.
Colors can also influence an individual’s attention and mood, in both positive and negative ways.
Too many colors could overstimulate an individual; yet, the right amount could create a warm
and inviting environment (Engelbrecht, 2003).
Considering the idea of using color when working with children, Thistle and Wilkinson
(2009) sought to examine if the presence of color could influence the speed at which preschool
aged children could locate a target. Of the 30 participants involved, half were under the age of
four, and half were over the age of four. All the participants were given 12 different line
drawings of the same category of objects such as fruit. They were instructed to identify the line
with the banana and tomato on it. The reaction time of identifying the target line was compared
against four different conditions, meaning the foreground and background colors of the line were
changed each time. The results indicated all the participants located the target quicker when the
foreground and the background were presented in color. When only the background was
presented in color, slower reaction times were found. The younger individuals, under four years,
responded the fastest when only the foreground was in color. Ultimately, the findings of this
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research indicated that incorporating color could be useful when working with younger patients
(Thistle & Wilkinson, 2009).
Types of Media Used with Children
Cartoons are a form of art seen often in the world today. Cartoons can be seen in print
media such as in magazines, posters, books, and advertisements. Cartoons can also be seen in
various electronic media sources such as in television shows, movies, advertisements, and on
social media platforms. It is not uncommon for cartoons to also be seen in many households and
classrooms as well.
Cartoons
The use of cartoons is readily apparent in media today, especially in the form of
advertisements. The purpose of marketing tools and advertisements is to capture the attention of
the intended audience and entice individuals to want or desire an item or an experience. A team
of researchers in China (Li et al., 2020) examined the impact of cartoons on children’s attention
toward and preferences of photographs, specifically tourism photographs. A total of 45 children
between the ages of 10 and 13 years were included in this study. All participants were tested in
quiet rooms and presented with three different types of photographs: one culture attraction, one
nature attraction, and one recreation attraction. The culture attraction was a photograph of the
Tiantan Buddha, the nature attraction was a photograph of Lamma Island, and the recreation
attraction was a photograph of Hong Kong Disneyland. All three photographs were captured in
Hong Kong, China, as that is a common family destination in China.
Photographs
A total of six photographs were presented randomly to each participant. Participants were
placed in front of a computer screen with the normal photograph displayed on the right side of
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the screen and the same photograph with cartoon effects on the left side of the screen. An eye
tracker built into the computer was used to assess the number of fixations on an image (fixation
counts), amount of time the viewer maintained focus on the same region of the image (fixation
duration), and total time spent looking at the image (dwell time) between the normal and cartoon
photographs.
The results of the participants’ response to the cartoon effect of the photographs indicated
almost half of the children (49%) preferred the cartoon photo as opposed to the nature or culture
photos (Li et al., 2020). These children indicated the cartoon effect made the pictures unique and
increased their interest in viewing them. In terms of fixation counts, the pictures with the cartoon
effect increased the children’s attention span. Additionally, increases in fixation duration and
dwell time were noted when viewing photographs with a cartoon effect. Ultimately, the results
showed the photographs with the cartoon effect increased the children’s attention and willingness
to spend more time viewing the photographs (Li et al., 2020). While the use of cartoons has been
researched in advertisements and other media forms, there is a lack of research regarding the use
of various media forms in audiologic testing.
Conclusion
Word recognition testing has become an essential aspect of hearing evaluations within the
field of audiology. Understanding the origin of these tests allows clinicians to have confidence in
the reliability of the measures they use with their patients. The word recognition test of interest,
the WIPI, currently consists of six colored images on each of the pages. The current images are
two-dimensional and were originally created in 1970, making some of them difficult for children
today to identify. As the world continues to advance in all realms, the opportunity exists to
consistently learn new techniques and improve as clinicians. With more individuals studying
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how children learn, understand, and respond to their environment comes new information
regarding how colors, objects, patterns, and other characteristics can interest or disinterest them.
Likewise, advancements are continually made with technology, making it available to
individuals of all ages. With technology present in homes and classrooms, it could serve as
another tool to aid clinicians in word recognition testing. Although there is evidence to support
the efficacy of the current WIPI procedure, adapting this method to a more contemporary mode
of testing might be warranted and needed in our current age of technology.
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CHAPTER III
METHODOLOGY
The current study was designed to determine if there was a significant difference between
children’s accuracy in identifying the target words of the WIPI test when shown the original
WIPI pictures or the cartoon images of the same test. Prior to data collection, Institutional
Review Board approval was obtained from the University of Northern Colorado (UNC; see
Appendix A). The participants included in this study were children five to six years of age. All
interested participants provided verbal consent (see Appendix B). The parents of the
participating child also provided parental consent (see Appendix C). Due to the COVID-19
pandemic, an addendum to the original study protocol was submitted to the Institutional Review
Board who approved conducting the testing virtually using the Zoom Video Communications
software. With the number of cases of COVID-19 growing in the Colorado area, virtually
collecting data was the safest and most attainable option at the time.
Participants
In-Person Protocol
Children between the ages of five and six years were recruited for this study through
UNC’s Speech-Language Pathology and Audiology Clinic and through the Audiology and
Speech-Language Sciences (ASLS) department at UNC. Ten males and 10 females were
recruited totaling 20 participants. Initially, all participants received an otoscopic examination
along with a hearing and vision screening. Inclusion criteria for this study specified that
participants were native English speakers with pure-tone air conduction thresholds of 20 dB HL
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or better for 500, 1000, 2000, and 4000 Hz. Participants were not currently enrolled in speechlanguage therapy services and had normal vision (20/20) as measured by the Distance Sloan 10foot chart test.
Virtual Protocol
Following Institutional Review Board approval of the addendum, the desired age and
number of participants remained the same. Participants were still recruited for this study through
UNC’s Speech-Language Pathology and Audiology Clinic and through the ASLS department at
UNC. Virtual inclusion criteria still specified that participants were currently enrolled in speechlanguage therapy services and reported normal vision and normal hearing sensitivity. The parents
of the participating children were asked if there were any concerns (from parents, teachers, or
medical professionals) regarding the participant’s vision and/or hearing sensitivity to determine
eligibility for inclusion in the study.
Instrumentation
In-Person Protocol
Pure-tone air-conduction thresholds were recorded using a portable Maico MA 41
audiometer (serial number: 65828). During testing, all participants wore TDH-49 supra-aural
headphones. The audiometer was calibrated to ANSI standards within one year of the testing.
Virtual Protocol
Audiometric instrumentation was not utilized during virtual data collection.
Materials
In-Person Protocol
All eligible participants were presented with 25 pictures from the second version of the
Word Intelligibility by Picture Identification (WIPI; see Appendix D) as well as cartoon images
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of the same words (see Appendix E). All the WIPI pictures and the cartoon images were the
same size. The pictures and images were presented to all participants using the same tablet
computer.
The words for the chosen pictures were selected from Table 2 of Dengerink and Bean’s
(1988) study. This table included words from the WIPI and ordered them according to how often
they were correctly identified. The list created for this study included the first 25 of those words
in order from the word correctly identified by the least participants to the word correctly
identified by the most participants. The created word list included the following words: street,
pail, dish, tail, knee, chick, coke, bow, ship, wing, thread, bib, dirt, crown, barn, meat, mouth,
school, desk, tea, black, skirt, smoke, bag, and arm. In Dengerink and Bean’s study, the picture
of the word street was correctly identified by the smallest number of participants (2 of 40
participants). The picture of the word arm was correctly identified most often by 20 of 40
participants (Dengerink & Bean, 1988).
Participants were randomly divided into two groups, each with 10 participants. To
counterbalance the presentation of items, Group A was presented with the WIPI pictures first and
Group B was presented with the cartoon images first. The order of the pictures and images
presented was randomized for both groups of participants.
Virtual Protocol
All materials remained the same for the in-person and virtual participants, meaning all
participants were presented with 25 pictures from the second version of the WIPI as well as
cartoon images of the same words. Additionally, all the WIPI pictures and the cartoon images
were the same size. However, the pictures and images were presented to all virtual participants
during a password-protected Zoom video call using their personal electronic devices.
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Procedures
In-Person Protocol
To determine inclusion in the study, participants’ hearing was tested individually in a
sound-treated room at UNC’s Speech-Language Pathology and Audiology Clinic. During
inclusion criteria testing, participants woreTDH-49 supra-aural headphones and were tested by a
University of Northern Colorado Doctor of Audiology graduate clinician. Inclusion criteria
testing was video or audio recorded and the necessary testing was completed under the
supervision of a Colorado licensed and American Speech-Language-Hearing Association
certified audiologist. If a participant did not pass the hearing screening or vision screening, it was
recommended they see an audiologist and/or vision specialist for a full hearing evaluation and/or
vision test.
During data collection, all eligible participants were tested individually in a speech
therapy room at UNC’s Speech-Language Pathology and Audiology Clinic. One additional
graduate clinician served as an assistant and was responsible for recording the responses of the
participants during testing while also using a digital timer to record the total length of each
testing session. This portion of the study was video recorded using the Avigilon video cameras
installed in the speech therapy room. The necessary testing was completed under the supervision
of a Colorado licensed and American Speech-Language-Hearing Association certified
audiologist.
Depending on the participant group, either the images from the second edition of the
WIPI or the cartoon images of those words were placed before the participant using a tablet
computer. The WIPI pictures and cartoon images were put into two separate surveys created
using Google Docs. One survey was created containing the WIPI pictures and a separate survey
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was created containing the cartoon images of those same words. Each picture or cartoon was
presented on a separate page of the survey. Regardless of what the participant was looking at, the
clinician pointed to each picture or cartoon individually. After pointing to each picture or
cartoon, the clinician asked the participant, “What is this a picture of?” The participant provided
a verbal response and the assistant filled out the score sheet accordingly. If the participant
correctly identified the word that was pictorially displayed, an “X” was written next to the word
on the score sheet; otherwise, the word the subject said was recorded. If the participant was
unable to provide a verbal response the first time, they were presented with a picture or cartoon
and the task was repeated. If the participant was still unable to provide a verbal response after
repeating the task, the clinician provided additional words and phrases to help prompt the
participant. In the event that prompting did occur and the participant then correctly identified the
word, that response was not counted as correct. Following the end of both testing sessions, any
pictures or cartoons that were incorrectly identified previously were revisited. If this occurred,
the participant was shown a new survey page with both the WIPI picture and cartoon image as
well as a stock image of the same word (see Appendix F). These stock images were obtained
from the Shutterstock website. The clinician asked the participant, “What picture of the (insert
the name of object in the picture/cartoon/stock image) do you like best?” This step was included
to ensure the objects portrayed in the pictures and cartoons were within the participant’s
vocabulary range. Figure 1 shows the WIPI picture (left), the stock image (center), and the
cartoon image (right) of the target word “crown.”
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Figure 1
Comparison of Word Intelligibility by Picture Identification Picture, Stock Image, and Cartoon
Image for the Target Word “Crown”

Figure 1 image 1 adapted from Cienkowski et al. (2009).
Figure 1 image 2 adapted from Sultanov (n.d.).
Figure 1 image 3 adapted from Shutterstock. (n.d.-a).

After completing the first set of words, all participants were given a five-minute break.
Following the break, the testing continued with the second set of words. All participants were
tested by the same graduate clinician each time.
Virtual Protocol
Determination of inclusion consisted of a conversation between the graduate clinician
and the parent(s) of the participating child. The parents of the participating children were asked if
their child was currently enrolled in speech-language therapy services. Additionally, the parents
of participating children were asked if there were any concerns (from parents, teachers, or
medical professionals) regarding the participant’s hearing and/or vision sensitivity. Parental
responses regarding inclusion criteria questions were not video or audio recorded. If hearing
and/or vision concerns were noted for a participant, it was recommended they see an audiologist
and/or vision specialist for a full hearing evaluation and/or vision test.
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Eligible participants were tested individually using the Zoom Video Communications
software. The video call consisted of the participant, their parent(s) or guardian(s), the graduate
clinician, and the assistant. One additional graduate clinician served as an assistant and was
responsible for documenting the responses of the participants during testing while also using a
digital timer to record the total length of each testing session. The participant, their parent(s) or
guardian(s), the graduate clinician, and the assistant all used their personal electronic devices to
attend the video call. For security purposes, the Zoom video call required a password and a link
was emailed to the parent(s) of the participant before the scheduled time. The graduate clinician
was the host of the Zoom video call and recorded this portion of the study on her personal laptop
computer.
Depending on the participant group, either the images from the second edition of the
WIPI or the cartoon images of those words were placed before the participant using a tablet
computer. The WIPI pictures and cartoon images were put into two separate surveys created
using an online survey. One survey was created containing the WIPI pictures and a separate
survey was created containing the cartoon images of those same words. Each picture or cartoon
was presented on a separate page of the survey. Regardless of what the participant was looking
at, the clinician pointed to each picture or cartoon individually using a computer mouse. After
pointing to each picture or cartoon, the clinician asked the participant, “What is this a picture
of?” The participant provided a verbal response and the assistant filled out the score sheet
accordingly. If the participant correctly identified the word that was pictorially displayed, an “X”
was written next to the word on the score sheet; otherwise, the word the subject said was
recorded. If the participant was unable to provide a verbal response the first time they were
presented with a picture or cartoon, the task was repeated. If the participant was still unable to
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provide a verbal response after repeating the task, the clinician provided additional words and
phrases to help prompt the participant. In the event that prompting occurred and the participant
then correctly identified the word, that response was not counted as correct. Following the end of
both testing sessions, any pictures or cartoons that were incorrectly identified previously were
revisited. If this occurred, the participant was shown a new survey page with both the WIPI
picture and cartoon image as well as a stock image of the same word. These stock images were
obtained from the Shutterstock website. This step was included to ensure the objects portrayed in
the pictures and cartoons were within the participant’s vocabulary range. The clinician asked the
participant, “What picture of the (insert the name of object in the picture/cartoon/stock image) do
you like best?” Figure 2 shows the WIPI picture (left), the stock image (center), and the cartoon
image (right) of the target word “dish.”

Figure 2
Comparison of Word Intelligibility by Picture Identification Picture, Stock Image, and Cartoon
Image for the Target Word “Dish”

Figure 2 image 1 adapted from Cienkowski et al. (2009).
Figure 2 image 2 adapted from Shutterstock. (n.d.-b).
Figure 2 image 3 adapted from Open Clipart (2015). In the public domain
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After completing the first set of words, all participants were given a five-minute break.
Following the break, the testing continued with the second set of words. All participants were
tested by the same graduate clinician each time.
Cartoon and Stock Image Selection
The cartoon and stock images shown to the participants were selected by the principal
investigator of the research study. The images were selected to be similar in appearance and
design to the WIPI pictures. While the chosen images could have been different than or opposite
of the WIPI pictures, they were selected specifically in attempt to keep the images consistent and
to not introduce additional variables into the study. There was essentially no specific method for
image selection; instead, the selection of the images was an arbitrary choice based off one
individual’s discretion. Figure 3 shows the WIPI picture of “pail” on the left and the cartoon
image on the right. The cartoon image of “pail” was selected to be similar in appearance to the
WIPI picture.

Figure 3
Comparison of Word Intelligibility by Picture Identification Picture and Cartoon Image for the
Target Word “Pail”

Figure 3 image on the left adapted from Cienkowski et al. 2009).
Figure 3 image on the right adapted from Sweet Clipart (n.d.). In the public domain
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Rewards for Participants
In-Person Protocol
Prior to testing, a prize box of age-appropriate toys was created including sunglasses,
bracelets, cars, magic wands, etc. During testing, all participants were presented with a jar and
the ability to earn 10 marbles. After every five WIPI pictures or cartoon images were shown to
the participant, participants earned one marble and dropped that marble into the jar. Participants
who did not provide a verbal response after multiple attempts did not earn a marble. Participants
who incorrectly identified the WIPI picture or cartoon image still earned a marble. After
completing both testing sessions, participants with 10 marbles in the jar were allowed to select
two items from the prize box. Additionally, any individuals who did not meet inclusion criteria
were allowed to choose one prize item from the prize box.
Virtual Protocol
Because testing was done virtually, the incentives for the participants changed. During
testing, all participants were shown a prize tracking sheet. After every five WIPI pictures and
cartoon images were shown to the participant, participants virtually high-fived the graduate
clinician. Participants who did not provide a verbal response after multiple attempts were not
asked to virtually high five the graduate clinician. Participants who incorrectly identified the
WIPI picture or cartoon image were still able to virtually high five the graduate clinician. After
completing both testing sessions and if the parent(s) or guardians(s) of the participant allowed,
the participant was able to select up to two items from the prize box to be mailed to them.
Additionally, any individuals who did not meet inclusion criteria could choose one prize item
from the prize box.
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Testing Timeline
In-Person Protocol
Eligible participants were scheduled to be tested over the course of a few weeks. The
total time for evaluating each participant was 30 to 60 minutes, depending on the level of focus,
cooperation, willingness, and motivation of the participant. Approximately 10 to 20 minutes was
allotted for determination of inclusion in the study with more time given for difficult to test
participants or if equipment difficulties should occur. After inclusion criteria testing, eligible
participants were given a five-minute break before data collection began.
Approximately 10 to 30 minutes were allotted for data collection with a five-minute
break between the presentation of either the WIPI pictures or cartoon images. During both
sessions of testing, the same practice item was presented to both groups. Any additional testing
time was used to revisit pictures or cartoon images incorrectly identified previously. On average,
data collection took 10 minutes, 28 seconds, and 38 milliseconds for in-person participants.
Virtual Protocol
Virtual participants were scheduled to be tested over the course of two months. The total
time for evaluating each participant was 20 to 30 minutes, depending on the level of focus,
cooperation, willingness, and motivation of the participant. Approximately five minutes were
allotted for the verbal inclusion criteria questions. Data collection took 10 minutes, 16 seconds,
and 33 milliseconds for virtual participants including a five-minute break between the
presentation of either the WIPI pictures or cartoon images. During both sessions of testing, the
same practice item was presented to both testing groups. Any additional testing time was used to
revisit any pictures or cartoon images that were incorrectly identified previously.
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Data Analysis
Following data collection, data were recorded and analyzed in Microsoft Excel version
16.0 (2021). A student’s one-tailed paired t-test was used to determine if there was a significant
difference between the participants’ accuracy in identifying the target words when shown the
WIPI pictures and the cartoon images.
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CHAPTER IV
RESULTS
Comparison of Word Intelligibility by Picture Identification
Pictures Versus Cartoon Images
The purpose of this research project was to determine if there was a significant difference
between children’s accuracy in identifying the target words of the WIPI test when shown the
original WIPI pictures or the cartoon images of the same test. It was hypothesized that the
cartoon images would be easier for children to identify than the WIPI drawings. To determine if
there was a significant difference between the participants’ accuracy in identifying the target
words when shown the WIPI pictures or the cartoon images, a student’s one-tailed t-test for
paired data was used. Statistical significance was determined by using a significance level of p
<.05. The results of the student’s t-test, as shown in Table I, indicated a significant difference
between the participants’ accuracy in identifying the target words when shown the cartoon
images versus the WIPI pictures (see Table 1). A value of p =.000181 indicated the accuracy in
identifying the target words was significantly better when participants were shown the cartoon
images.

39
Table 1
Comparison of Difference in Participants’ Accuracy in Naming Images When Shown Cartoon
Images Versus Word Intelligibility by Picture Identification Pictures
Cartoon Images

WIPI Pictures

54.2

49.4

260.1684211

259.8315789

20

20

Mean
Variance
Observations
Pearson Correlation

0.95271275

Hypothesized Mean
Difference

0

df

19

t Stat

4.32894052

P(T<=t) two-tail

0.000180865

t Critical two-tail

2.093024054

Note. Bold indicates significant difference.

Participants
Twenty participants between the ages of five and six years participated in the study. Nine
of the participants were five-years-old (45%) and 11 of the participants were six-years-old (55%)
with a mean age of 5.55 years. Of the 20 participants, 10 were male and 10 were female. Three
participants participated in the study in-person and the remaining 17 participants participated
using Zoom. All participants met the inclusion criteria as outlined in Chapter III.
During both testing sessions for all participants, at least one WIPI picture and/or cartoon
image was incorrectly identified. Figure 4 displays the number of participants who incorrectly
identified each of the WIPI pictures and cartoon images. Interestingly, the WIPI picture and
cartoon image of the word “dish” were incorrectly identified by all 20 participants. The WIPI
picture of the word “tail” was also incorrectly identified by 19 participants and the cartoon image
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of that word was incorrectly identified by all 20 participants. Meanwhile, the WIPI picture of the
word “crown” was correctly identified by all 20 participants and the cartoon image of “crown”
was incorrectly identified by only one participant. Additionally, the WIPI picture and cartoon
image of the word “bow” was incorrectly identified by only two participants.
Table 2 highlights the mean percentage of cartoon images and WIPI pictures correctly
identified. The mean percentage of cartoon images correctly identified was 54.2% with an
average of 13.55 images correctly identified out of the 25 shown. Meanwhile, the mean
percentage of WIPI pictures correctly identified was 49.4% with an average of 12.35 images
correctly identified out of the 25 shown.

Figure 4
Number of Incorrectly Identified Cartoon Images and Word Intelligibility by Picture
Identification Pictures

Number of Participants

25
20
15
10
5
0

Picture/Image
WIPI Pictures

Cartoon Images
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Table 2
Statistical Analysis of Correctly Identified Cartoon Images and Word Intelligibility by Picture
Identification Pictures
Carton Images %

WIPI Pictures %

54.20

49.40

Minimum (in %)

24.0

16.0

Maximum (in %)

76.0

72.0

16.13

16.12

Mean Score of Images/Pictures Correctly
Identified

Standard Deviation

For many of the incorrectly identified pictures and images, participants identified the
picture and/or image using the same response. Table 3 shows the common responses from
participants who incorrectly identified WIPI pictures and cartoon images. For example, all the
participants who incorrectly identified the picture and/or image for the word “tail” identified the
picture and/or image as “horse.” Likewise, all participants who incorrectly identified the picture
and/or image of the word “coke” identified it instead as “soda.” For other incorrectly identified
pictures and images, multiples of the same responses were often given. For example, participants
either identified the picture and/or image for the word “pail” as “bucket” or “shovel.”
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Table 3
Common Responses for Incorrectly Identified Cartoon Images and Word Intelligibility by
Picture Identification Pictures
Cartoon Image/WIPI Picture

Common Responses

Street

Tree

Pail

Bucket, Shovel

Dish

Bowl, Plate

Tail

Horse

Knee

Elbow, Arm

Coke

Soda

Ship

Boat

Wing

Feather

Thread

String, Spool

Dirt

Mud, Soil

Barn

Farm

Meat

Steak

Mouth

Lips

School

House, Building

Desk

Table

Tea

Cup, Coffee

Black

Square, Blank

Skirt

Dress

Smoke

Chimney

Arm

Hand

Word Intelligibility by Picture Identification
Pictures, Cartoon Images, and Stock Images
At least one picture and/or cartoon was incorrectly identified by each participant; thus, all
participants were shown a third online survey with both the WIPI picture and cartoon image of
the incorrectly identified item as well as a stock image of the same word. This part of the testing
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protocol was included to ensure the objects portrayed in the pictures and cartoons were within
the participant’s vocabulary range.
During this part of the testing, participants were asked, “What picture of the (insert the
name of object in the picture/cartoon/stock image) do you like best?” As shown in Figure 5, most
often the stock image was selected as the preferred image by many of the participants.
Interestingly, the stock images for the words “dirt” and “meat” were selected by over 90% of the
participants. However, the cartoon images for the words “street” and “pail” were the only
instances when the stock image was not the most selected option. For other words such as
“chick,” “dirt,” and “school,” the WIPI picture was not selected by any participant.

Figure 5
Comparison of Participants’ Preferences between Cartoon Images, Word Intelligibility by
Picture Identification Pictures, and Stock Images
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90%
80%
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Thread
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Chick
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0%
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Percentage of Participants Who Chose WIPI Picture,
Cartoon, or Stock Image

Which Picture Do You Like Best?
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Testing Time
With both in-person and virtual participants, the testing time proved to be much quicker
than originally anticipated. Table 4 shows the testing times for both in-person and virtual
participants. For in-person participants, total testing time was expected to take 10 to 30 minutes
to complete all three testing sessions. The average total testing time for the three in-person
participants was 10 minutes, 28 seconds, and 38 milliseconds. For the virtual participants, the
total testing time was expected to take between 10 to 20 minutes. The average total testing time
for the 17 virtual participants was 10 minutes, 16 seconds, and 33 milliseconds. The average total
testing time for all 20 of the participants was 10 minutes, 21 seconds, and 22 milliseconds.
Overall, the participants were excited to participate and engaged in the testing sessions, limiting
the need for reinstruction or extra breaks. A paired t-test comparing the test times for
identification of the WIPI pictures and the cartoon images indicated no significant difference (p
= .94).
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Table 4
Comparison of Average Testing Time for In-Person and Virtual Participants
Average Time
Taken to
Complete
WIPI Testing
Session

Average Time
Taken to
Complete
Cartoon Testing
Session

Average Time
Taken to
Complete Testing
Session (WIPI,
Cartoon & Stock)

Average Total
Testing Time

In-Person
Participants

3:32:16

3:18:31

3:57:51

10:28:38

Virtual
Participants

2:51:54

2:53:27

4:31:12

10:16:33

Average for
All
Participants

2:57:58

2:57:12

4:26:12

10:21:22

^Note. Time recorded in minutes, seconds, and milliseconds.
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CHAPTER V
DISCUSSION
As word recognition testing continues to be an essential aspect of routine hearing
evaluations within the field of audiology, there is a continued need to modify and modernize
tests that are used. Despite the modifications made to the original version of the WIPI in 2009,
advancements in technology and in understanding how children learn have continued to progress
in the years since. A study by Stewart (2003) identified that while many professionals indicated
the WIPI test was their preferred word recognition test when working with pediatric patients,
there was concern the pictures appeared outdated and unfamiliar to children today.
The purpose of this research project was to determine if there was a significant difference
between children’s accuracy in identifying the target words of the WIPI test when shown the
original WIPI pictures or the cartoon images of the same test. All participants, both in-person
and virtual, included in this study used a form of technology to participate. In-person participants
were shown the pictures and images using the same tablet computer. Virtual participants utilized
personal electronic devices to access the Zoom video call and to view the pictures and images.
Both in-person and virtually, participants expressed familiarity with the use of technology with
many participants mentioning they utilized electronic devices at home and at school. The
familiarity with and ease of operation of technology many participants displayed was not
surprising as a report in 2017 found 98% of children under the age of eight years had access to a
smartphone or tablet in their homes (Common Sense Media, 2017). As children have access to
technology in a variety of settings, they are exposed to two-dimensional and three-dimensional
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visual stimuli through various videos, movies, television shows, and applications (Leighty et al.,
2008). Children are also being exposed to stimuli presented in an array of colors. While it is
unknown whether children prefer or respond better to stimuli presented in color or in black and
white, it is known that color can have a physiological influence by impacting an individual’s
attention and mood (Engelbrecht, 2003).
The current version of the WIPI consists of printed two-dimensional photographs in
muted colors that were last modified 12 years ago. Given what is known about technology and
media today, these images might not be the most accurate pictorial representations of modernday places and things. Throughout this study, participants were shown WIPI pictures and cartoon
images and were asked, “What is this a picture of?” The participants’ responses were recorded
and, in many instances, common responses were given by participants who incorrectly identified
the same target words. For instance, 100% of participants incorrectly identified the WIPI picture
of the target word “dish,” instead commonly identifying the picture as a “bowl” or “plate.”
Similarly, 95% of participants incorrectly identified the WIPI picture of the word “tail,” often
identifying the picture as a “horse.” Over half (64%) of participants incorrectly identified the
WIPI picture of the word “coke,” often as “soda” instead. Just about half (56%) of participants
incorrectly identified the WIPI picture of the word “meat,” frequently identifying the picture as
“steak,” “chicken,” or “fish.”
The cartoon images and stock images shown to participants consisted of modernized
elements and bright colors meant to resemble places and things that exist in the world today.
When given the option, participants often chose the cartoon images and stock images instead of
the WIPI pictures. As part of the methodology of this study, if a WIPI picture and/or cartoon
image was incorrectly identified, participants were shown a third online survey with both the
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WIPI picture and cartoon image as well as a stock image of the same word. Participants were
then asked, “What picture of the (insert the name of object in the picture/cartoon/stock image) do
you like best?” Participants overwhelmingly selected either the cartoon image or stock image of
the target words. For example, 55% of participants selected the cartoon image for the words
“street” and “pail” and over 90% of participants selected the stock images for the words “dirt”
and “meat.” No participants selected the WIPI pictures for the words “chick,” “dirt,” and
“school.”
The cartoon and stock images shown to the participants throughout the study were
selected by the principal investigator of the research study. The images were selected to be
similar in appearance and design to the WIPI pictures. While the chosen images could have
differed from the WIPI pictures, they were selected in an attempt to keep the images consistent
and to not introduce more variables into the study. Figure 6 shows the WIPI picture of “school”
on the left and the cartoon image on the right. The cartoon image of “school” was selected to be
similar in appearance to the WIPI picture.
It was noteworthy when a WIPI picture was correctly identified by a participant as it
indicated that despite the lack of modifications to the original WIPI pictures, there was a lack of
pictorial confusion on the participant’s part when identifying the target word. It was also worth
noting when a cartoon image was correctly identified by a participant as it indicated limited or no
pictorial confusion with the selected image. Likewise, it was noted when a WIPI picture was
incorrectly identified by a participant. Incorrect identification of a WIPI picture indicated
potential pictorial confusion or the target word was not within the participant’s vocabulary.
Incorrect identification of a cartoon image was also noted as it indicated potential pictorial
confusion with the selected image.
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Figure 6
Comparison of Word Intelligibility by Picture Identification Picture and Cartoon Image for the
Target Word “School”

Figure 6 image on the left adapted from Cienkowski et al. (2009).
Figure 6 image on the right adapted from 2012 photo of Neuqua Valley High School
(https://en.wikipedia.org/wiki/File:Neuqua_Valley_HS_1.jpg). In the public domain.

As hypothesized, the results of this study indicated a noteworthy difference (p = .000181)
between the participants’ accuracy in identifying the target words when shown the cartoon
images versus the WIPI pictures. The participants’ accuracy identifying the target words was
significantly better when shown the cartoon images. While the testing time proved to be much
quicker than originally anticipated, there was no significant difference between the test times for
identification of the WIPI pictures and the cartoon images (p = .94). These results helped to
further suggest the need to modify the current version of the WIPI test to increase the usefulness
of this word recognition test clinically.
Study Limitations and Strengths
One limitation of this study was the small sample size of only 20 participants. A larger
sample size could provide a more reliable representation of the five- to six-year-old population.
Another limitation was that within this study, the WIPI was used in a different context than it
was originally intended. Typically, when administering the WIPI clinically, the child is asked to
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point to the color drawing or figure corresponding to the word the clinician presents. In this
study, the clinician pointed to each picture or cartoon individually and asked the participant,
“What is this a picture of?” Due to the differences in the presentation of the test, the results
would not generalize to clinical testing using the WIPI.
Another limitation of this study was the cartoon and stock images shown to the
participants throughout the study were selected by the principal investigator of the research
study. The selection of the images was an arbitrary choice and could have been based on more
than one individual’s discretion. A final limitation of this study was some participants
participated in person while others participated using the Zoom Video Communications
software. This was due to unforeseen circumstances caused by the COVID-19 pandemic. Under
different circumstances, the setting for participation would have been consistent.
One strength of this study was the participants involved were excited and motivated to
participate. Regardless of whether the child participated in person or via Zoom, each provided
their undivided attention during the duration of the study. Another strength of this study was how
quickly it was completed using technology. The average time of participation for in-person
participants was 10 minutes, 28 seconds, 38 milliseconds and 10 minutes, 16 seconds, 33
milliseconds for Zoom participants. It was not known how long it would take to administer the
WIPI in the typical way using the picture tool but it appeared the use of technology might speed
up the testing process.
Future Research
The results of this study indicated the participants more accurately identified the target
words when shown the cartoon images instead of the original WIPI pictures. Given the modified
version of the WIPI was created in 2009, these results suggested the need for further
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modification of the current version of the WIPI test to increase the use of this test clinically.
Future research is needed to determine how often the WIPI is used clinically among current
audiologists. This research project was a pilot study and indicated the need for further research to
investigate whether children would have different test scores when shown the original WIPI
pictures or when shown the cartoon images and stock images of the same words. Due to the
increase in technology in the daily lives of children today, future research is needed to determine
if children would more accurately identify the target words when shown the target words in a
print format or utilizing a tablet device. Completing this study virtually also helped to show that
studies of this kind could be done both quickly and easily in a virtual format. Additionally, there
is a need for research regarding the use of various media forms in modern audiologic testing.
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Source. Cienkowski et al. (2009).
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APPENDIX E
CARTOON IMAGES
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Street
Shutterstock. (n.d.). Cartoon crosswalks. Street road crossing highway traffic urban landscape
building, crosswalk car, pedestrian empty sidewalk. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-illustration/cartoon-crosswalks-street-road-crossinghighway-1365198890

Pail
Sweet Clipart. (n.d.). Pail shovel blue green clip art. Retrieved January 17, 2020, from
https://sweetclipart.com/pail-shovel-blue-green-clip-art/

Dish
Open Clipart. (2015). Plate – coloured. Retrieved January 17, 2020, from
https://openclipart.org/detail/214301/Teller-by-frankes

Tail
Shutterstock. (n.d.). Illustration of a horse. Retrieved January 17, 2020,
from:https://www.shutterstock.com/image-vector/illustration-horse-121244446

Knee
Clipart Library. (n.d.). Knee cliparts #155335. Retrieved January 17, 2020, from http://clipartlibrary.com/clipart/418031.htm

Chick
Shutterstock. (n.d.). Cute baby chickens set in different poses for easter design. Little yellow
cartoon chicks. Vector illustration isolated on white background. Retrieved January 17,
2020, from https://www.shutterstock.com/image-vector/cute-baby-chickens-set-differentposes-1927866062
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Coke
Subpng. (n.d.). Coke can background transparent PNG. Retrieved January 17, 2020, from
https://www.subpng.com/png-9nqj4i/

Bow
Shutterstock. (n.d.). Cartoon bow icon on the white background for your design. Vector
illustration. Retrieved January 17, 2020, from https://www.shutterstock.com/imagevector/cartoon-bow-icon-on-white-background-574318870

Ship
Shutterstock. (n.d.). Old ship. Vector flat cartoon illustration. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-vector/old-ship-vector-flat-cartoon-illustration390160648

Wing
VectorStock. (n.d.). Orange wing icon cartoon style vector image. Retrieved January 17, 2020,
from https://www.vectorstock.com/royalty-free-vector/orange-wing-icon-cartoon-stylevector-8375750

Thread
Pandavector. (n.d.). Spool of thread icon of vector illustration for web and mobile design.
Retrieved January 17, 2020, from https://www.123rf.com/photo_56790955_spool-ofthread-icon-of-vector-illustration-for-web-and-mobiledesign.html?vti=n48ly70g3gn9lh07m2-1-102

Bib
iStock. (2010). Purple baby bib stock photo. Retrieved January 17, 2020, from
https://www.istockphoto.com/photo/purple-baby-bib-gm147708280-12743564
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Dirt
Shutterstock. (n.d.). Pile of ground, heap of soil - vector illustration isolated on white
background. Retrieved January 17, 2020, from https://www.shutterstock.com/imagevector/pile-ground-heap-soil-vector-illustration392705272?irclickid=XHpVlNRaWxyIWXX1lwXzHyjkUkGTadzGGxN6Wg0&irgwc=
1&utm_medium=Affiliate&utm_campaign=Ulugbek%20Khalilov&utm_source=142598
3&utm_term=&c3ch=Affiliate&c3nid=IR-1425983

Crown
Shutterstock. (n.d.). Golden crown cartoon icon. Flat jewelry for monarch. Retrieved January
17, 2020, from https://www.shutterstock.com/image-illustration/golden-crown-cartoonicon-flat-jewelry-616859783

Barn
Clipart Suggest. (n.d.). Cartoon red barn vectors eps 40212. Retrieved January 17, 2020, from
http://www.clipartsuggest.com/cartoon-red-barn-by-clairev-toon-vectors-eps-40212HM5wnj-clipart/

Meat
Shutterstock. (n.d.). Vector cartoon illustration - isolated raw piece of meat. Retrieved January
17, 2020, from https://www.shutterstock.com/image-vector/vector-cartoon-illustrationisolated-raw-piece-176361857

Mouth
CuteWallpaper. (n.d.). Cartoon mouth open. Retrieved January 17, 2020, from
https://cutewallpaper.org/download.php?file=/24/cartoon-mouth-open/2754317961.jpg
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School
Clipart Library. (n.d.). Schoolhouse pictures #1955994. Retrieved January 17, 2020, from
http://clipart-library.com/clipart/8TxnoGKoc.htm

Desk
Shutterstock. (n.d.). Cartoon office desk/illustration of a cartoon wooden office desk furniture
with drawer, isolated on white background. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-vector/cartoon-office-desk-illustration-woodenfurniture-142704364

Tea
Shutterstock. (n.d.). Tea cup. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-vector/tea-cup-238511389

Black
Clker. (n.d.). Black square clip art. Retrieved January 17, 2020, from
http://www.clker.com/clipart-black-square.html

Skirt
123RF. (n.d.). Clipart of a showcase purple-colored skirt form fitting at the top and floating at
the bottom with so many frills vector color drawing or illustration. Retrieved January 17,
2020, from https://www.123rf.com/photo_132665593_clipart-of-a-showcase-purplecolored-skirt-form-fitting-at-the-top-and-floating-at-the-bottom-withs.html?vti=lvcdss2cd9d06ux7p6-1-101

Smoke
Pinclipart. (n.d.). Smoke cloud clip art – Smoke clipart. Retrieved January 17, 2020, from
https://www.pinclipart.com/maxpin/TxxJwi/

73
Bag
SVG-ClipArt. (2017). Brown paper bag SVG vector. Retrieved January 17, 2020, from
https://svg-clipart.com/brown/eYFK3Mr-brown-paper-bag-clipart

Arm
Clipart Library. (n.d.). Arm clip art #2947180. Retrieved January 17, 2020, from http://clipartlibrary.com/clipart/arm-clip-art-17.htm
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STOCK IMAGES
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76
Street
Shutterstock. (n.d.). Side view of asphalt road, street in suburban residential area with lot of
green trees in Katy, Texas, US. America is an excellent green and clean country.
Environmental and transportation background. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/side-view-asphalt-road-street-suburban656630128

Pail
Shutterstock. (n.d.). Baby toy bucket isolated on white. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/baby-toy-bucket-isolated-on-white-82123339

Dish
Shutterstock. (n.d.). Stack of white plates on white background. Retrieved January 17, 2020,
from https://www.shutterstock.com/image-photo/stack-white-plates-on-background430743316

Tail
Shutterstock. (n.d.). Portrait of beautiful warmblood horse looking back. Retrieved January 17,
2020, from https://www.shutterstock.com/image-photo/portrait-beautiful-warmbloodhorse-looking-back-361498082

Knee
Shutterstock. (n.d.). Woman having knee pain in medical office. Retrieved January 17, 2020,
from https://www.shutterstock.com/image-photo/woman-having-knee-pain-medicaloffice-273598058

77
Chick
Shutterstock. (n.d.). Little chicken isolated on white. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/little-chicken-isolated-on-white99032405https://www.shutterstock.com/image-photo/woman-having-knee-pain-medicaloffice-273598058

Coke
123RF. (n.d.). Bottle of soda. Retrieved January 17, 2020, from
https://www.123rf.com/photo_8162281_bottle-of-soda.html

Bow
Shutterstock. (n.d.). Red gift bow. Ribbon. Isolated on white. Clipping path. Retrieved January
17, 2020, from https://www.shutterstock.com/image-photo/red-gift-bow-ribbon-isolatedon-210905965

Ship
Shutterstock. (n.d.). Luxury sailing yacht under sail. Yachting sport competition. Retrieved
January 17, 2020, from https://www.shutterstock.com/image-photo/luxury-sailing-yachtunder-sail-yachting-1577675620

Wing
Shutterstock. (n.d.). Wing of bird on white background. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/wing-bird-on-white-background-541626790

Thread
Shutterstock. (n.d.). Reel or spool of red sewing thread isolated on white. Shallow depth of field.
Close-up macro shot. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/reel-spool-red-sewing-thread-isolated596244401
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Bib
Shutterstock. (n.d.). Baby bib icon. Cartoon illustration of baby bib vector icon for web design.
Retrieved January 17, 2020, from https://www.shutterstock.com/image-vector/baby-bibicon-cartoon-illustration-vector-689069881

Dirt
Shutterstock. (n.d.). Pile of soil isolated on a white background. Retrieved January 17, 2020,
from https://www.shutterstock.com/image-photo/pile-soil-isolated-on-white-background1012063240

Crown
Shutterstock. (n.d.). Royal gold crown with sapphires isolated on white. 3d rendering. Retrieved
January 17, 2020, from https://www.shutterstock.com/image-illustration/royal-goldcrown-sapphires-isolated-on-587596124

Barn
Shutterstock. (n.d.). A bright red barn stands in the mid-day sun/bright red, barn/A red barn in a
rural area. Retrieved January 17, 2020, from https://www.shutterstock.com/imagephoto/bright-red-barn-stands-midday-sunbright-102442333

Meat
Shutterstock. (n.d.). Fresh raw beef isolated on white. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/fresh-raw-beef-steak-isolated-on-271481633

Mouth
Shutterstock. (n.d.). Woman's mouth open, ready to eat or receive something. Retrieved January
17, 2020, from https://www.shutterstock.com/image-photo/womans-mouth-open-readyeat-receive-49423069
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School
Wikipedia. (2012). A photo of Neuqua Valley High School. Retrieved January 17, 2020, from
https://en.wikipedia.org/wiki/File:Neuqua_Valley_HS_1.jpg

Desk
iStock. (2013). Student desk isolated with clipping path stock photo. Retrieved January 17, 2020,
from https://www.istockphoto.com/photo/student-desk-isolated-with-clipping-pathgm453242449-25716539

Tea
Shutterstock. (n.d.). Two cups of tea isolated on white. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/two-cups-tea-isolated-on-white-87753514

Black
Sweet Clipart. (n.d.). 000000 color square pure black clip art. Retrieved January 17, 2020, from
https://sweetclipart.com/000000-color-square-pure-black-clip-art/

Skirt
Shutterstock. (n.d.). Red elegant skirt with ribbon bow isolated on white. Retrieved January 17,
2020, from https://www.shutterstock.com/image-photo/red-elegant-skirt-ribbon-bowisolated-764100040

Smoke
Shutterstock. (n.d.). Smoke raising from a chimney in winter. Retrieved January 17, 2020, from
https://www.shutterstock.com/image-photo/smoke-raising-chimney-winter-168915950
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Bag
Shutterstock. (n.d.). Brown paper bag isolated on a white background. Retrieved January 17,
2020, from https://www.shutterstock.com/image-photo/brown-paper-bag-isolated-onwhite-346306697

Arm
Shutterstock. (n.d.). Whole female hand with the palm on a white background. Retrieved January
17, 2020, from https://www.shutterstock.com/image-photo/whole-female-hand-palm-onwhite-492931411

